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(54) Ink jet recording device 

(57) The device comprises a recording head (1) 
with a substantially linear array of nozzles (19) for the 
emission of droplets (45) of ink. Deflection means 
(25,27) for electrically charging and electrostatically 
deflecting the emitted droplets (45) are arranged in front 
of each nozzle (19) and the device further comprises 
transportation means (7,9) for transporting a record car- 
rier (1 1) in such a manner that a surface of the record 
carrier faces the nozzles and moves in a direction (13) 
transverse to the array of the nozzles. The recording 
device is a droplet on demand recording device, each 
nozzle (19) communicating with a pressure chamber 



(1 7) associated with actuator means (15) for emitting an 
ink droplet (45) only when a predetermined signal is 
applied to the actuator means. The deflection means 
(25,27) are conceived to deflect the droplets over a 
range of angles in a direction substantially parallel to the 
array of the nozzles (19) and deflection control means 
(39) are provided to control the angle of deflection of the 
droplets so that the entire width of the record carrier 
(11) can be covered with ink droplets (45) from a single 
array of nozzles. 
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Description 

The invention relates to an ink jet recording device 
including a recording head comprising a substantially 
linear array of nozzles for the emission of droplets of ink, 
deflection means for electrically charging and electro- 
statically deflecting the emitted droplets being arranged 
in front of each nozzle, the device further comprising 
transportation means for transporting a record carrier in 
such a manner that a surface of the record carrier faces 
the nozzles and moves in a direction transverse to the 
array of the nozzles, 

A device of this kind is known from US Re 28 219. 
The known device is a continuous ink jet system in 
which from each nozzle a continuous stream of ink 
droplets is emitted. The deflection means are conceived 
as a binary deflection system. The ink droplets either 
pass the deflection means without being deflected or 
they are deflected over a predetermined angle. Unde- 
tected droplets travel on to the surface of the record 
carrier and deflected droplets are intercepted and trans- 
ported back to an ink reservoir. The deflection means 
thus serve as a selection device for selecting the drop- 
lets that will be deposited on the record carrier. 

The known device comprises a plurality of rows of 
parallel, equidistant nozzles. For constructional rea- 
sons, the distance between adjacent nozzles in the row 
is comparatively large. Consequently, gaps are formed 
between dots that are formed on the record carrier by 
droplets of ink emitted by adjacent nozzles. To enable 
the device to print a continuous line that extends over 
the whole width of the record carrier, the rows are later- 
ally staggered. If droplets are emitted from a first row of 
nozzles with a suitable delay relative to the emission of 
droplets from a second row which is arranged upstream 
of the first row in the direction of transport of the record 
carrier, the droplets from the first and second rows will 
be deposited on a common line on the record carrier. If 
a sufficient number of rows is provided and if the delays 
between the emission of droplets from the different rows 
is controlled very precisely, it is possible to deposit a 
continuous line of droplets on the record carrier. It is 
clear that the device will be large due to the high 
number of rows of nozzles. Moreover, an expensive 
control mechanism having a high precision is required. 

It is an object of the invention to provide an ink jet 
recording device that can print continuous monochrome 
lines on the record carrier with only a single row of noz- 
zles. To achieve this object, the device in accordance 
with the invention is characterized in that the recording 
device is a droplet on demand recording device, each 
nozzle communicating with a pressure chamber associ- 
ated with actuator means for emitting an ink droplet only 
when a predetermined signal is applied to the actuator 
means, the deflection means being conceived to deflect 
the droplets over a range of angles in a direction sub- 
stantially parallel to the array of the nozzles, deflection 
control means being provided to control the angle of 
deflection of the droplets. Droplet on demand recording 



devices are well known in the art, sec e.g. US-A-4 599 
628 and EP-A-0 516 188. Usually these devices com- 
prise a relatively small printing head that can be dis- 
placed over the width of a record carrier as disclosed 
5 e.g. in US-A-4 491 854. The drive that is required for this 
displacement substantially increases the weight of the 
device and, moreover, the displacement takes time so 
that the speed of the device is relatively slow. The inven- 
tion is based on the recognition of the fact that the elec- 
10 trostatic deflection of the ink droplets can be used to 
deposit droplets from a single nozzle in a plurality of 
positions on the record carrier so that each nozzle can 
print on a relatively large portion (e.g. in the order of 
magnitude of 1 mm) of the width of the record carrier. 
7 5 This makes it possible to print a line that continuously 
extends over the entire width of the record carrier with 
only a single array of nozzles and with a stationary 
recording head. If each nozzle covers approximately 1 
mm of the width of the record carrier, an array compris- 
20 ing 21 0 nozzles would be sufficient to cover the width of 
a sheet of paper (A4). 

A first embodiment of the device in accordance with 
the invention is characterized in that the deflection 
means comprise a plate-shaped charge electrode 
25 extending parallel to the array of nozzles and compris- 
ing apertures, an aperture being arranged in front of 
each nozzle, deflection electrodes being provided in 
front of the charge electrode in the vicinity of each aper- 
ture, the deflection control means comprising a charge 
30 voltage generator for supplying a charge voltage to the 
charge electrode and a deflection voltage generator for 
supplying a deflection voltage to the deflection elec- 
trodes. After leaving the nozzle an ink droplet first 
passes the aperture in the charge electrode where it 
35 receives an electrostatic charge that depends on the 
voltage supplied by the charge voltage generator. The 
charged droplet then passes between the deflection 
electrodes that cause it to be deflected over a predeter- 
mined angle. The angle of deflection depends, inter alia, 
40 on the charge of the droplet, the voltage between the 
deflection electrodes and the velocity of the droplet. For 
a given velocity the angle can be controlled by varying 
the charge voltage and/or the deflection voltage. A par- 
ticularly simple variant of this embodiment is character- 
45 ized in that one of the said charge and deflection 
voltage generators is conceived to supply a voltage that 
varies as a function of time, the other voltage generator 
being conceived to supply a voltage that is substantially 
constant. In this variant only one of the voltage genera- 
so tors has to be of a controllable type. 

A second embodiment of the device in accordance 
with the invention is characterized in that the deflection 
means comprise a plurality of pairs of deflection elec- 
trodes, one pair being arranged in front of each nozzle, 
55 the deflection electrodes of a pair being arranged at 
opposite sides of the nozzle as viewed in the direction of 
the array of nozzles, each deflection electrode compris- 
ing an electrically conductive plate having a first portion 
and a second portion, the first portion of each deflection 
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electrode extending away from the nozzles, the second 
portion of each deflection electrode being located near 
the array of nozzles, the deflection control means com- 
prising voltage generator means that are conceived to 
supply first voltage pulses to a first one of the deflection 5 
electrodes of each pair and to supply second voltage 
pulses to the second one of the deflection electrodes of 
each pair, the first and second voltage pulses having the 
same polarity and the same amplitude and starting at 
the same time, the duration of the first voltage pulse 10 
being different from the duration of the second voltage 
pulse. This embodiment is particularly simple from a 
constructional point of view because it does not com- 
prise a separate charge electrode. The combination of 
the first and second voltage pulses serves to charge 15 
and to deflect the ink droplet Preferably, the first por- 
tions of the deflection electrodes of a pair are arranged 
at a larger distance from each other than the second 
portions. Due to the close proximity of the second por- 
tions of the deflection electrodes to each other and to 20 
the nozzle the process of charging the emitted droplets 
is very efficient. The greater distance between the first 
portions allows for the space necessary for the move- 
ment of the droplet in a direction parallel to the array of 
nozzles, which movement is caused by the deflection. 2 s 
Various constructions for achieving this difference in 
distance are possible. A first construction is character- 
ized in that the second portion of each deflection elec- 
trode extends substantially at right angles to the first 
portion, the first portion extending substantially perpen- 30 
dicularly to the array of nozzles, and the second portion 
extending substantially parallel to the array of nozzles, 
the second portion of each deflection electrode of a pair 
extending toward the other deflection electrode of the 
pair. A second construction is characterized in that the 35 
deflection electrodes have a curved shape, the second 
portions extending substantially at right angles to the 
array of nozzles. 

The recording device in accordance with the inven- 
tion can be modified for multicolour printing. An embod- 40 
iment of a device adapted for this purpose is 
characterized in that the recording head comprises a 
plurality of substantially parallel linear arrays of nozzles, 
the nozzles in different arrays being adapted to emit ink 
droplets of different colours. If the nozzles of each array 45 
communicate with pressure chambers that are supplied 
with ink of one of four basic colours (usually magenta, 
cyan, yellow and black), four arrays are sufficient to 
obtain a full colour print on the record carrier. It is, of 
course, necessary to introduce suitable delays between so 
the emission of droplets from the different arrays in 
order to ensure that differently coloured droplets that 
contribute to the same portion of an image to be formed 
are deposited on the same line on the record carrier. 

A variant of the recording device for multicolour ss 
printing is characterized in that the recording head com- 
prises first and second substantially linear arrays of 
nozzles, adjacent nozzles in the first array being 
adapted to emit ink droplets having first and second col- 



ours, respectively, adjacent nozzles in the second array 
being adapted to emit ink droplets having third and 
fourth colours, respectively, the first, second, third and 
fourth colours being mutually different. It has been 
found that the deflection of the ink droplets makes it 
possible to deposit two colours with a single array of 
nozzles. Droplets of different colours emitted by adja- 
cent nozzles can be deflected so that they overlap on 
the record carrier. Thereby four basic colours can be 
deposited by means of only two arrays of nozzles. A 
multicolour recording device having these features can 
be very simple and light in weight. 

These and other aspects of the invention will be 
apparent from the embodiments described hereinafter. 

Figure 1 is a schematic view of an embodiment of 
an ink jet recording device in accordance with the 
invention, 

Figure 2 is a partial cross-section of a first embodi- 
ment of a recording head of the device shown in 
Fig. 1, 

Figure 3 is a view from above of the recording head 
shown in Fig. 2, 

Figure 4 is a block diagram of a control unit of the 
device shown in Fig. 1 , 

Figure 5 is a diagram showing an example of a volt- 
age to be applied to electrodes of the recording 
head shown in Fig. 2, 

Figures 6A and 6B are partial cross-sections of two 
variants of a second embodiment of a recording 
head of the device shown in Fig. 1, 
Figure 7 is a view from above of the recording head 
shown in Fig. 6B, 

Figure 8 is a diagram showing examples of voltages 

to be applied to electrodes of the recording heads 

shown in Figures 6A and 6B, 

Figure 9 is a view from above of a third embodiment 

of a recording head of the device shown in Fig. 1, 

and 

Figure 10 is a view from above of a modified 
embodiment of a recording head of the device 
shown in Fig. 1. 

Figure 1 is a schematic representation of an ink jet 
recording device showing at least those parts that are 
necessary to provide sufficient background for under- 
standing the invention. The device comprises a record- 
ing head 1 comprising a substantially linear array of 
nozzles for the emission of droplets of ink. This array of 
nozzles is not visible in Fig. 1. It extends parallel to the 
dash-dot line 3. The nozzles face a waiting and servic- 
ing station 5 for keeping the recording head in a proper 
condition when the device is not in use. An ink container 
6 is provided for supplying ink to the recording head 1 . 
The device further comprises transportation means in 
the form of a pair of cooperating rollers 7 that are driven 
by means of a motor 9. The rollers 7 serve to transport 
a record carrier 1 1 , usually a sheet of paper, in such a 
manner that it moves between the recording head 1 and 
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the waiting and service station 5 in a direction trans- 
verse to the array of nozzles as indicated by the arrow 
13. When it is transported in this manner, a surface of 
the record carrier (the surface that is directed downward 
in Fig. 1) faces the nozzles. A control unit 14 is provided 
to control the operation of the device. 

Figure 2 shows a cross-section of a first embodi- 
ment of the recording head 1 taken along a line parallel 
to the line 3 in Fig. 1 . This recording head comprises a 
plurality of piezoelectric actuator elements 15 provided 
in an actuator plate 16 that comprises a plurality of lay- 
ers of a ceramic piezoelectric material alternated with 
electrode layers (not shown). The actuator plate 16 is 
provided with recesses 17 that constitute pressure 
chambers, an actuator element 15 cooperating with 
each pressure chamber. The pressure chambers 1 7 are 
connected to the ink container 6 (Fig. 1) by means of an 
ink supply system, not shown. A detailed description of 
a recording head of this type can be found in the 
copending patent application No. ... (PHN 15.079), 
incorporated herein by reference. Each pressure cham- 
ber 17 communicates with a nozzle 19 provided in a 
nozzle plate 21 that covers one side of the pressure 
chambers. As indicated above, the nozzles 19 are 
arranged in a substantially linear array that extends par- 
allel to the line 13. The opposite side of the pressure 
chambers 17 is covered by a backing plate 23. When a 
suitable voltage is applied to one of the actuator ele- 
ments 15, the associated pressure chamber 17 con- 
tracts and a droplet of ink is emitted from the associated 
nozzle 1 9. A system of this kind is known as a droplet on 
demand system as opposed to a continuous jet system 
in which a continuous stream of droplets is generated 
as disclosed in US Reissue No. 28 219. 

Deflection means are arranged in front of each noz- 
zle 19 so that the droplets of ink emitted by the nozzles 
have to pass these deflection means. In the embodi- 
ment shown in Fig. 2 the deflection means comprise a 
plate-shaped charge electrode 25 and deflection elec- 
trodes 27 arranged in front of the charge electrode. The 
charge electrode 25 extends parallel to the array of noz- 
zles 19 and comprises apertures 29, one of these aper- 
tures being arranged in front of each nozzle. The 
deflection electrodes 27 are also plate-shaped. They 
extend substantially at right angles to the charge elec- 
trode 25. In this embodiment a deflection electrode 27 is 
provided halfway between each pair of adjacent aper- 
tures 29. The charge electrode 25 and the deflection 
electrodes 27 are electrically conductive. Each deflec- 
tion electrode 27 is electrically isolated from the charge 
electrode by means of an insulating bottom part 31 . The 
charge electrode 25 and the deflection electrodes 27 
may be formed from metal plates, e.g. nickel plates. In 
that case the deflection electrodes 27 may be mechani- 
cally connected to the charge electrode 25 by means of 
an electrically insulating adhesive that forms the bottom 
part 31. Alternatively, the charge electrode 25 and the 
deflection electrodes 27 may be formed as a single 
structure from an electrically insulating material such as 



glass, the structure with the exception of the bottom 
parts 31 then being covered with an electrically conduc- 
tive film, e.g. by evaporation in a vacuum of a suitable 
metal. 

5 Figure 3 shows a view from above of the recording 
head shown in Fig. 2. One of the pressure chambers 17 
is indicated in dotted lines. It can be seen that the 
charge electrode 25 covers the nozzle plate 21 in the 
vicinity of the nozzles 19 that are visible through the 
10 apertures 29, the deflection electrodes 27 being 
arranged near the apertures. 

Figure 4 shows a block diagram of the control unit 
14 of the recording device shown in Fig. 1 . The control 
unit 14 comprises a central control unit 33 which may 
15 comprise a microprocessor and which controls motor 
control means 35 for controlling the motor 9, emission 
control means 37 for controlling the emission of ink 
droplets, and deflection control means 39 for controlling 
the deflection of the emitted ink droplets. In the embod- 
20 iment shown in Figures 2 and 3 the deflection control 
means 39 comprise a charge voltage generator 41 for 
supplying a charge voltage to the charge electrode 25 
and a deflection voltage generator 43 for supplying a 
deflection voltage to the deflection electrodes 27. The 
25 central control unit 33 coordinates the functioning of the 
control means 35, 37 and 39 so that droplets of ink are 
deposited on desired locations on the surface of the 
record carrier 11. 

The operation is as follows: When a droplet of ink is 
30 ejected from a nozzle 19, it passes through the associ- 
ated aperture 29 in the charge electrode 25. The output 
terminals of the charge voltage generator 41 are electri- 
cally connected between the ink supply system (e.g. the 
ink container 6 or the nozzle plate 21) and the charge 
35 electrode 25. Consequently, the charge electrode 25 is 
kept at a predetermined voltage relative to the ink in the 
pressure chambers 17. As a result, an ink droplet that 
passes through the aperture 29 acquires an electro- 
static charge that depends on the charge voltage sup- 
40 plied by the charge voltage generator 41 . The terminals 
of the deflection voltage generator 43 are connected to 
the deflection electrodes 27 in such a manner that each 
time the two deflection electrodes at either side of an 
aperture 29 are connected to different terminals of the 
45 deflection voltage generator. Consequently, successive 
deflection electrodes 27 have opposite polarities as 
indicated be the signs + and - in Fig. 2. As a result an 
electrostatic deflection field is established between 
each pair of deflection electrodes 27, the deflection field 
so being directed parallel to the array of nozzles 19. This 
deflection field causes a charged droplet of ink 45 to fol- 
low a curved trajectory, two examples being shown by 
dotted lines 46 and 47 in Fig. 2. As a result of the differ- 
ent polarities of successive deflection electrodes 27 the 
55 droplets ejected from adjacent nozzles 1 9 are deflected 
in opposite directions. Because the charge voltage and 
the magnitude of the deflection voltage is the same for 
ail droplets, the deflection angle is also the same. The 
deflection angle of all droplets can be controlled by var- 
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ying the charge voltage and/or the deflection voltage. In 
order to make the control of the device as simple as 
possible, one of these voltages is preferably kept con- 
stant. The other voltage is then varied to control the 
deflection angle of the ink droplets in such a manner 5 
that for the maximum deflection the points of intersec- 
tion of adjacent trajectories 46, 47 with the record car- 
rier 1 1 coincide if the two trajectories are curved toward 
each other. It is then possible to cover the whole width 
of the record carrier 1 1 with droplets. For a given deflec- 10 
tion angle a droplet 45 ejected from a nozzle 19 is 
deposited on the record carrier at a position that is dis- 
placed over a given distance parallel to the line 3 rela- 
tive to the position directly opposite the nozzle. If it is 
desired to deposit an ink droplet at that position, the 75 
central control unit 33 causes the emission control unit 
to supply a signal to the relevant actuator element 15. If 
not, no droplet is emitted. 

Figure 5 is a diagram showing an example of the 
charge voltage as a function of time. As noted before, 20 
this varying charge voltage is preferably combined with 
a constant deflection voltage. Alternatively, the deflec- 
tion voltage may be varied as shown in Fig. 5, the 
charge voltage being kept constant. The charge voltage 
V starts at a maximum negative value -V max and is 25 
increased in steps to a maximum positive value +V max , 
each step corresponding to a discrete deflection angle. 
In this example the number of steps is ten and the time 
it takes to perform all steps is T. The charge voltage is 
then reduced to -V max in a single step to begin the next 30 
cycle. The charge voltage is therefore similar to a saw- 
tooth voltage. It is also possible to decrease the charge 
voltage in steps during a time T so that the charge volt- 
age is similar to a triangular voltage. Instead of varying 
the charge voltage in steps, it may also be vari ed contin- 35 
uously, e.g. linearly. In that case the deflection angle too 
varies continuously. A variation of the charge voltage 
between -V max and +V max corresponds to a variation of 
the deflection angle of the ink droplets between its two 
extreme values, that is over the whole range of possible 
values. During the time interval T the central control unit 
33 prevents the motor control means 35 from energizing 
the motor 9 so that the transport of the record carrier 1 1 
is interrupted. Consequently, all droplets ejected by the 
nozzles 19 during this interval are deposited on the 
record carrier on a single line parallel to the line 3. 

As stated above, the output terminals of the charge 
voltage generator 41 are preferably connected between 
the ink supply system and the charge electrode 25. For 
a stable operation it is preferred that the ink supply sys- 
tem and the record carrier 1 1 are grounded. The record 
carrier may be in contact with a grounded metal brush 
(not shown) serving as a drain electrode for electrostatic 
charges. At the side of the record carrier 1 1 that faces 
away from the recording head 1 a backing electrode in 
the form of an electrically conductive surface may be 
provided (for example a part of the waiting and service 
station 5) to which a predetermined voltage is applied. 
This has the advantage that an ink droplet may have a 



high initial velocity which is preferable for a good emis- 
sion of the droplets. The voltage applied to the backing 
electrode then serves to slow down the droplets so that 
they do not travel too fast through the deflection field to 
be properly deflected. 

In the first embodiment as discussed above, the 
deflection means associated with each pair of adjacent 
nozzles 19 share a common deflection electrode 27. As 
a result, the ink droplets emitted by adjacent nozzles 19 
are deflected simultaneously in opposite directions. It is 
also possible to provide two deflection electrodes 27 
between each pair of nozzles 19, the two deflection 
electrodes being electrically isolated from each other 
and being electrically connected to different terminals of 
the charge voltage generator 41. In that case the drop- 
lets emitted by adjacent nozzles 19 are deflected simul- 
taneously in the same direction. 

Figure 6 shows a cross-section of a portion of a 
recording head of a second embodiment of the inven- 
tion, Fig. 6A showing a first variant and Fig. 6B showing 
a second variant. The construction of the droplet-emit- 
ting portion of the recording head is similar to the con- 
struction of the first embodiment shown in Fig. 2. For the 
sake of simplicity only the nozzle plate 21 of this con- 
struction is shown in Fig. 6. 

In the second embodiment the combination of 
charge electrodes 25 and deflection electrodes 27 of 
the first embodiment has been replaced by an electrode 
arrangement comprising a plurality of pairs of deflection 
electrodes 48. One pair of deflection electrodes 48 is 
arranged in front of each nozzle 19 in such a manner 
that one electrode of the pair is located to the left of the 
nozzle opening and the other one is located to the right 
in Fig. 6. In other words, the two deflection electrodes 
48 of the pair are located at opposite sides of the nozzle 
19 as viewed in the direction of the array of nozzles. 
Each deflection electrode 48 comprises an electrically 
conductive plate having a first portion 49 that extends 
away from the nozzle 19 and a second portion 50 that is 
located near the array of nozzles. The plates may be, for 
example, metal plates or metallized insulating plates. 
The first portions 49 of the deflection electrodes 48 of a 
pair are arranged at a larger distance from each other 
than the second portions 50. The result is that the sec- 
ond portions 50 define a narrow slit 51 between them 
through which the ejected ink droplet has to pass. Dur- 
ing the passage of the droplet through the slit 51 the 
deflection electrodes 48 are kept at a predetermined 
potential relative to the ink supply system or the nozzle 
plate 21. The droplet thus acquires an electrostatic 
charge of a magnitude depending on this voltage. When 
the droplet has passed the slit 51 , a predetermined volt- 
age is applied between the two electrodes 48 of a pair 
that is associated with a common nozzle 19. An electro- 
static deflection field is generated thereby between the 
electrodes 48 which causes the charged droplet to be 
deflected as it continues its way between the first por- 
tions 49 of the deflection electrodes. This means that 
the deflection electrodes 48 have a double function: 
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they serve to apply an electrostatic charge to the ink 
droplets ejected by the nozzles 19 and to deflect the 
charged droplets over a controllable deflection angle. 

In the variant shown in Fig. 6A the second portion 
50 of each deflection electrode 48 extends substantially 
at right angles to the first portion 49. The first portion 49 
extends perpendicularly to the array of nozzles 19 and 
the second portion 50 extends parallel to the array of 
nozzles. The deflection electrodes 48 in this variant are 
L-shaped in cross-section with the second portion 50 of 
each deflection electrode of a pair extending toward the 
other deflection electrode of the pair. In the variant 
shown in Fig. 6B the deflection electrodes 48 have a 
curved shape that substantially follows the path of an 
ink droplet having the maximum angle of deflection. The 
second portions 50 extend substantially at right angles 
to the array of nozzles 19. 

Because it must be possible to apply a voltage 
between the two electrodes 48 of a pair, the electrodes 
to the left of the nozzles 19 are all connected to a first 
common terminal and the electrodes to the right of the 
nozzles are all connected to a second common termi- 
nal. This can be seen in Figure 7 which shows a top 
view of the variant shown in Fig. 6B. In Fig. 7 the first 
and second terminals are indicated with 53 and 55, 
respectively. Each terminal 53. 55 together with the 
electrodes connected to it forms a comb-like structure, 
the two structures being interleaved. The first and sec- 
ond terminals 53 and 55 are connected to terminals of a 
voltage generator that is part of the deflection control 
means 39 shown in Fig. 4. 

Figure 8 is a diagram illustrating an example of the 
voltages that may be applied to the terminals 53, 55. In 
this example a first voltage V 1 is applied to the first ter- 
minal 53 and a second voltage V 2 is applied to the sec- 
ond terminal 55. The first voltage V-j comprises a series 
of first voltage pulses, two pulses 57 and 59 being 
shown in Fig. 8. The duration of successive first voltage 
pulses is varied in a predetermined manner. In Fig. 8 it 
is shown that the first one of the first voltage pulses (57) 
starts at a time t-j and ends at t 3 whereas the second 
one (59) starts at and ends at t 6 , the interval - 1 4 
exceeding the interval - t v In a practical embodiment 
the duration of the first voltage pulses would progres- 
sively increase from a minimum value t 2 ' * 1 ( =t 5 ^4) 
to a predetermined maximum value (not shown). The 
second voltage V 2 comprises a series of second voltage 
pulses such as 61 and 63 that have the same duration 
t 2 - 1 1 (=t 5 -t 4 ) . Therefore, the corresponding first and 
second voltage pulses start at the same time and gen- 
erally have different durations (as noted above, the first 
voltage may comprise a voltage pulse that has the same 
duration as the pulses of the second voltage). The 
amplitudes A and the polarities of the first and second 
voltage pulses are the same. 

At the time \, the first voltage pulse 57 is applied to 
the first terminal 53 which is connected to the deflection 
electrodes 48 that are situated to the left of the associ- 
ated nozzles 19, the second voltage pulse 61 being 



applied to the second terminal 55 which is connected to 
the deflection electrodes situated to the right of the cor- 
responding nozzles. Because the amplitudes A and the 
polarities of the two pulses 57 and 61 are the same, the 

5 deflection electrodes 48 at both sides of a nozzle 1 9 are 
at the same potential relative to the ink supply system of 
the nozzle plate 21 during the interval t 2 -t v An ink drop- 
let that is ejected at the beginning of this interval passes 
the second portions 50 of the deflection electrodes 48 

ro during this interval and receives an electrostatic charge. 
At the time t 2 the second pulse 61 ends and the first 
pulse 57 continues with the same amplitude. As a 
result, there is now an electrostatic field between the 
two deflection electrodes 48 at either side of the nozzle 

15 19. Due to this field the charged droplet is deflected 
away from the electrode 48 that is connected to the first 
terminal 53. This deflection takes place during the pas- 
sage of the droplet between the first portions 49 of the 
deflection electrodes 48. The angle of deflection 

20 depends on the amplitude A of the first and second 
pulses 57, 61 , on the duration t 2 -t-i of the second pulse 
61 and on the time t 3 -t 2 by which the duration of the first 
pulse 57 exceeds that of the second pulse 61 . Conse- 
quently, a first method for controlling the angle of def lec- 

25 tion comprises varying the duration of the first pulse 57. 
This is done in the example shown in Fig. 8: the next 
pulse 59 is longer than the pulse 57. After the maximum 
duration of the first pulses has been reached, the first 
voltage V 1 must be applied to the second terminal 55 

so and the second voltage V 2 to the first terminal 53 in 
order to deflect the ink droplets in the opposite direction. 
A further strategy for controlling the angle of deflection 
is a variation of the duration of the second pulse 61 in 
order to control the electrostatic charge applied to the 

35 droplet. This method makes use of the fact that the 
angle of deflection increases with increasing charge if 
the deflection field is the same. A still further method for 
controlling the angle of deflection is a variation of the 
amplitude A of the first and second pulses. 

40 Figure 9 is a view from above of a recording head 
for a multicolour ink jet recording device. The Figure is 
similar to Fig. 3 and the same reference numerals have 
been used as far as possible. The recording head com- 
prises two substantially parallel linear arrays of nozzles, 

45 a first array 65 and a second array 67. The first array 65 
comprises two types of nozzles, a first type 19a and a 
second type 19b. The nozzles of the first and second 
types are alternatingly arranged in the first array. Simi- 
larly, nozzles of a third type 19c and a fourth type 19d 

so are alternatingly arranged in the second array 67. The 
difference between the four types of nozzles is that they 
communicate with pressure chambers that are con- 
nected to ink supply systems filled with inks of different 
colours. In this manner the nozzles of the different types 

55 are adapted to emit ink droplets of different colours. For 
example, the nozzles 19a, 19b, 19c and 19d respec- 
tively emit magenta, cyan, black and yellow ink. The 
pitch of the nozzles and the maximum angle of deflec- 
tion of the ink droplets are chosen such that droplets 
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emitted by a nozzle can be deflected so far that they are 
deposited on points on the record carrier 1 1 that are sit- 
uated opposite the two adjacent nozzles. Thus a droplet 
emitted by one of the nozzles 1 9a of the first type can be 
deposited in front of each one of the two adjacent noz- 5 
zles 19b of the second type and in every intermediate 
position. Consequently, the recording head permits the 
deposition of ink droplets of the two colours emitted by 
the nozzles 19a and 19b of the first array 65 over the 
entire width of the record carrier 1 1 . Similarly, ink drop- 70 
lets emitted by the nozzles 19c and 19d of the second 
array 67 can be deposited over the entire width of the 
record carrier 1 1. As shown in Fig. 1 , the record carrier 
1 1 is transported in a direction 13 at right angles to the 
direction of the arrays 65 and 67. Therefore, if the emis- 75 
sion of ink droplets by the nozzles 19c and 19d of the 
second array 67 is delayed for an appropriate interval 
relative to the emission by the nozzles 19a and 19b of 
the first array 65, the ink droplets from all four types of 
nozzles are deposited on the same line extending over 20 
the width of the record carrier 1 1 . The required delay 
can easily be computed from the velocity of the record 
carrier 11 and the distance between the two arrays 65 
and 67. The central control unit 33 can be programmed 
to control the delay. It is clear that a very compact and 2 s 
inexpensive multicolour ink jet recording device can be 
obtained by using the recording head shown in Fig. 8. 
Modifications of the arrangement shown are possible. 
For example, three or four arrays could be used, each 
array being devoted to a single colour. 30 

Figure 1 0 is a view from above of a slightly modified 
recording head similar to the recording head shown in 
Fig. 3. In this recording head the nozzles 19 are slightly 
staggered. They form a linear array that extends as a 
zigzag line having a general direction indicated by the 35 
line 69. This arrangement has the advantage that the 
pitch of the array of nozzles 19 can be smaller than 
when the nozzles are arranged strictly according to a 
straight line as in Fig. 3. Thus, the recording speed of 
the device can be increased or a redundancy can be 40 
built in because the droplets emitted by adjacent noz- 
zles 19 can be deposited at the same positions on the 
record carrier 1 1 . Of course, it is necessary to apply a 
suitable delay to the emission of the droplets from the 
different nozzles 19 in order to obtain a straight line on 45 
the record carrier 11. This zigzag arrangement of the 
nozzles can also be used in each one of the arrays 65 
and 67 of the recording head shown in Fig. 9. 

Claims 50 

1 . An ink jet recording device including a recording 
head (1) comprising a substantially linear array of 
nozzles (19) for the emission of droplets (45) of ink, 
deflection means (25.27) for electrically charging ss 
and electrostatically deflecting the emitted droplets 
being arranged in front of each nozzle, the device 
further comprising transportation means (7,9) for 
transporting a record carrier (1 1) in such a manner 



that a surface of the record carrier faces the noz- 
zles and moves in a direction (13) transverse to the 
array of the nozzles, characterized in that the 
recording device is a droplet on demand recording 
device, each nozzle (19) communicating with a 
pressure chamber (17) associated with actuator 
means (15) for emitting an ink droplet (45) only 
when a predetermined signal is applied to the actu- 
ator means, the deflection means (25,27) being 
conceived to deflect the droplets over a range of 
angles in a direction substantially parallel to the 
array of the nozzles, deflection control means (39) 
being provided to control the angle of deflection of 
the droplets. 

2. An ink jet recording device as claimed in Claim 1 , 
characterized in that the deflection means comprise 
a plate-shaped charge electrode (25) extending 
parallel to the array of nozzles (19) and comprising 
apertures (29), an aperture being arranged in front 
of each nozzle, deflection electrodes (27) being 
provided in front of the charge electrode in the vicin- 
ity of each aperture, the deflection control means 
(39) comprising a charge voltage generator (41) for 
supplying a charge voltage to the charge electrode 
and a deflection voltage generator (43) for supply- 
ing a deflection voltage to the deflection electrodes. 

3. An ink jet recording device as claimed in Claim 2, 
characterized in that one of the said charge and 
deflection voltage generators (41,43) is conceived 
to supply a voltage (V) that varies as a function of 
time, the other voltage generator being conceived 
to supply a voltage that is substantially constant. 

4. An ink jet recording device as claimed in Claim 1 , 
characterized in that the deflection means comprise 
a plurality of pairs of deflection electrodes (48), one 
pair being arranged in front of each nozzle (19), the 
deflection electrodes of a pair being arranged at 
opposite sides of the nozzle as viewed in the direc- 
tion of the array of nozzles, each deflection elec- 
trode comprising an electrically conductive plate 
having a first portion and a second portion, the first 
portion (49) of each deflection electrode extending 
away from the nozzles, the second portion (50) of 
each deflection electrode being located near the 
array of nozzles, the deflection control means (39) 
comprising voltage generator means that are con- 
ceived to supply first voltage pulses (57) to a first 
one of the deflection electrodes of each pair and to 
supply second voltage pulses (61) to the second 
one of the deflection electrodes of each pair, the 
first and second voltage pulses having the same 
polarity and the same amplitude (A) and starting at 
the same time, the duration of the first voltage pulse 
being different from the duration of the second volt- 
age pulse. 
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5. An ink jet recording device as claimed in Claim 4, 
characterized in that the first portions (49) of the 
deflection electrodes (48) of a pair are arranged at 
a larger distance from each other than the second 
portions (50). 5 

6. An ink jet recording device as claimed in Claim 5, 
characterized in that the second portion (50) of 
each deflection electrode (48) extends substantially 

at right angles to the first portion (49), the first por- 10 
tion extending substantially perpendicularly to the 
array of nozzles (19), and the second portion 
extending substantially parallel to the array of noz- 
zles, the second portion of each deflection elec- 
trode of a pair extending toward the other deflection 15 
electrode of the pair. 

7. An ink jet recording device as claimed in Claim 5, 
characterized in that the deflection electrodes (48) 
have a curved shape, the second portions (50) 20 
extending substantially at right angles to the array 

of nozzles (19). 

8. An ink jet recording device as claimed in any one of 
Claims 4 to 7, characterized in that the deflection 25 
control means (39) comprise means for varying the 
duration of the first voltage pulse (57). 

9. An ink jet recording device as claimed in any one of 
Claims 4 to 8, characterized in that the deflection 30 
control means (39) comprise means for varying the 
duration of the second voltage pulse (61). 

10. An ink jet recording device as claimed in any one of 
Claims 4 to 7, characterized in that the deflection 35 
control means (39) comprise means for varying the 
amplitude (A) of the first and second voltage pulses 
(57,61). 

1 1 . An ink jet recording device as claimed in any one of 40 
the preceding Claims, characterized in that the 
recording head comprises a plurality of substan- 
tially parallel linear arrays (65,69) of nozzles (19a,... 
19d), the nozzles in different arrays being adapted 

to emit ink droplets of different colours. 45 

12. An ink jet recording device as claimed in Claim 1 1 , 
characterized in that the recording head comprises 
first and second substantially linear arrays of noz- 
zles, adjacent nozzles (19a, 19b) in the first array so 
(65) being adapted to emit ink droplets having first 
and second colours, respectively, adjacent nozzles 
(19c, 19d) in the second array (67) being adapted to 
emit ink droplets having third and fourth colours, 
respectively, the first, second, third and fourth col- ss 
ours being mutually different. 
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